Digital repositories can often easily be navigated by humans but not by machines. We introduce Signposting, a mechanism to show machines how to maneuver repositories' objects and how to interpret their relationships. Signposting is based on standard and widely adopted web technologies -typed links and HTTP link headers.
INTRODUCTION
Modern digital repositories offer an impressive set of functionalities. Storage options for a variety of file types, APIs to allow for access to stored objects, fixity checking, versioning, and audit are just a few of the services frequently provided. However, while most of the common repository systems are accessible via the web, they are often lacking in adoption of common web standards. In other words, modern repositories are mostly on the web but not truly of the web. This situation becomes apparent when illustrated by an example in the realm of scholarly repositories. For a human, it is arguably fairly simple to navigate through a repository's holdings and discover an object, its core content, auxiliary content, bibliographic description, persistent identifier, and author names/identifiers. Often all of this data can be obtained without much effort by simply scanning the object's landing page. For a machine, however, the same task is much harder to accomplish, in part due to repositoryspecific conventions as to how to convey this information. This situation requires developers to implement heuristics in order to "interpret" the data surfaced by repositories -a proposition that does not scale and hence hinders the emergence of 3rd party value-added services in the scholarly communication landscape.
In this poster we outline the Signposting concept as a simple yet potentially powerful solution to this problem. Signposting is a standards-based approach for digital repositories in libraries, Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). archives, and museums to expose data in a machine-friendly manner and to clarify common patterns and relationships between resources they hold.
SIGNPOSTING PATTERNS
The core intention of Signposting 1 is to make it easier for applications to navigate across repository resources, not to actually describe them. To that end, Signposting uses a REST/HATEOS approach that consists of conveying typed links 2 in HTTP Link response headers 3 and/or the <link> element in HTML pages. These standardized technologies are easy to implement and therefore frequently used on the web. For example, motivated by LOCKSS 4 and CLOCKSS 5 use cases, Signposting has previously been explored to support preservation efforts for e-Journals [2] . Here we focus on the following, more generic but very typical usage patterns of scholarly repositories:
The Object Identifier pattern serves the purpose of helping machines find the identifying HTTP URI of an object. Figure 1a depicts a DOI redirecting to a landing page of a scholarly object. The landing page also links to resources that are part of the publication, such as alternate renderings of the article, all of which are identified by the same DOI. A machine that only discovers this landing page, for example by following a citation that used the URI of the landing page instead of the DOI, a scenario frequently observed [1] , has no easy way to determine the identifying URI (the DOI) of the scholarly object. Similarly, it also has no convenient way of obtaining the DOI if it only discovered the PDF version of the article, for example. If, however, the repository implemented an HTTP link header pointing from the landing page and the publication representations at the DOI URI using the relation type "cite-as" 6 , a machine would be able to figure out that the article and its related resources are identified by the same DOI.
The Author Information pattern, depicted in Figure 1b , enables machines to discover author information of repository objects. The scenario is similar to the one described above: a link is implemented with the "author" relation type 7 from the landing page and the HTTP DOI to the author identifying URI, for example, the author's ORCID URI. The below HTTP link headers that are returned in response to a HEAD/GET on the landing page convey object and author identifiers for the resource https://doi.pangaea.de/10.1594/ PANGAEA.880814 hosted by the Pangaea service, one of the early adopters of the Signposting concept. ; rel="cite-as", <https://orcid.org/0000-0001-5212-9808>;rel="author", <https://orcid.org/0000-0002-9017-0083>;rel="author" Bibliographic Metadata can be made discoverable by adopting the pattern shown in Figure 1c . A DOI redirects to the landing page which in turn links to bibliographic resources. If these two resources provide link headers with the relation type "describedby" 8 pointing at bibliographic resources provided by CrossRef or DataCite, a machine can easily make that connection between the DOI-identified resource and its metadata records. To make these links even more expressive and friendly to machines, they should also have a "type" attribute to convey the format of the linked metadata record. In reverse, links to the HTML page and to the HTTP DOI URI with the relation type "describes" 9 from the corresponding bibliographic resources can also be provided to support bidirectional navigation.
The Boundary Information pattern is related to automatically expressing the web boundary of an object. Frequently, landing pages link to related resources such as alternate renderings of the article (as seen above) and supplemental information. Clearly, these resources should be considered as being within the boundary of a publication. However, landing pages also link to other external resources such as advertisement or social media platforms, which, in turn, are not within the publication's boundary. The distinction between what falls within and what outside of the boundary is trivial for a human to make. For a machine, however, this is very hard to delineate. This pattern entails the landing page providing link headers with the relation type "item" 10 to point to in-boundary resources. In turn, these resources provide links with the relation type "collection" 11 to point back to the landing page.
The Signposting concept is not limited to these four patterns. Other examples include the expression of license information with the "license" link relation type 12 or exposing object versions with relation types such as "previous memento" and "next memento" 13 .
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CONCLUSION
Signposting is a standard-based approach that follows the REST/HATEOS "follow-your-nose" principle to make it easier for machines to navigate across repository resources. We outline the Signposting concept on four common usage patterns and detail which link relation types should be used for the corresponding patterns. Adopting the Signposting approach helps repositories improve their web integration and increase their level of discoverability and interoperability
